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STUDENT HANDOUT

PLAN WATER PURI FI CATI OV STORAGE SYSTEM

LEARNI NG OBJECTI VES:

1. Terminal Learning Cbjectives:

a. Provi ded a nission, an operating water purification/storage
system operator personnel, and references, direct water
purification/storage system operation. The water purification/storage
systemwi |l be directed to ensure that water is being produced in
gquantities required to support the nunber of personnel and facilities
per the references. (1169.04.11)

b Provided a nission, a conpleted Water Reconnai ssance Report (DA-
1712R), a map of the area, a T/E, T/O and the reference, plan water
purification/storage system The water purification/storage system
will be planned to provide the quantity of water and for the nunber of
personnel and facilities specified per the reference. (1169.04.16)

2. Enabl i ng Learni ng Obj ecti ves:

a. G ven an operation order, a canp layout, T/E and T/O, with the
aid of references, while conducting a military brief, orally explain
the purification/storage systemrequirenents needed to support the
operation plan in accordance with TM 08580A-14/1 and TM 09777A- 14/ 1.
(1169. 04. 16a)

b. G ven an operation order, a canp layout, T/E and T/O, with the
aid of references, list in witing the quantity of
purification/storage systens to support the operation plan in
accordance with TM 08580A-14/1 and TM 09777A-14/ 1.
(1169. 04. 16b)

C. G ven a water reconnai ssance report, with the aid of
references, analyze the information provided to support the operation
plan in accordance with FM 10-52-1. (1169.04. 16¢)

d. G ven an operation order, a canp layout, T/E and T/O, with the
aid of references, list in witing the anmount of personnel required to
operate the purification/storage systens to support the operation plan
i n accordance with TM 08580A-14/1 and TM 09777A-14/ 1.

(1169. 04. 16d)
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e. Gven an operation order, a canp layout, T/E and T/Q, with the
aid of references, list in witing the support requirenents for the
purification/storage systens to support the operation plan in
accordance with TM 08580A-14/1 and TM 09777A-14/1.

(1169. 04. 11a)

f. Gven an operation order, a canp layout, T/E and T/Q, with the
aid of references, list in witing the safety precautions required for
purification/storage systens to support the operation plan in
accordance with TM 08580A-14/1 and TM 09777A-14/1.

(1169. 4. 11b)

g. Gven an operation order, a canp layout, T/E and T/O, with the
aid of references, list in witing the task requirenents for the
purification/storage systens to support the operation plan in
accordance with TM 08580A-14/1 and TM 09777A-14/ 1.

(1169. 4. 11c¢)

BODY

1. Conducting a Water Analysis:

a. Water Requirenents:

(1) Wwater support planning is a continuos process that begins
with identifying the size of the force to be supported. Daily water
requirements vary with a nunber of factors including the season of the
year and tactical situation. Dehydration can occur quickly in both
hot and cold climates if personnel don't drink plenty of water. Below
are conputations to determ ne supply, purification, and storage
requi rements for water

(a) Water Consunption Factor: Water requirenents are
based on 20 gallons of water per man a day. This is based on
personnel in arid environnents, less water is required in tenperate
zones. These requirenments include a usage factor for drinking,
hygi ene, food preparation, vehicle, nedical (heat treatnent/ice water),
graves, laundry, construction, air craft and 10% for waste/evaporation
i s included.

(b) Supply Requirenents: Miultiply the actual strength by
the proper consunption factor. The total is expressed as gallon per
day.

(c) Water purification Requirenents: Divide the tota
daily requirenments by the daily production capability of one
purification unit. Water purification equipnent is operated twenty
hours per day under nornal conditions.

(d) Storage Requirenents: |Is based on re-supply tines and
daily requirenents.
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b. WAt er Reconnai ssance:

(1) The purpose of a water reconnai ssance is to gather
i nformati on about water sources for it's possible use and devel opnent.
There are two types of reconnai ssance:

(a) Air reconnaissance - nmay be utilized if aircraft are
avail able. An air reconnai ssance is generally a reliable neans for
rapidly securing information about water sources over a |large area.

1 If a helicopter is used, air and ground
reconnai ssance can be conducted as one.

2 The use of aircraft for reconnaissance is limted
by adverse weather conditions and security conditions.

(b) Gound reconnaissance - is the only positive way of
gathering accurate information fromwhich to select a water point.
The factors to be considered during the ground reconnai ssance are:

1 Water Quantity - know the projected water
requirements to support the operation. Use the formula for
determ ning the quantity of water available froma source.

2 Water Quality - should be of such quality that
it can be approved by nedi cal personnel as neeting raw water standards
and at the sanme tine be readily purified with avail able water
purification equi pment.

3  Accessibility - the area nust be accessible to
vehi cl es and personnel. |t should have good road nets with
turnarounds, cover and conceal nent at the water source, and an
adequat e staging area. The roads should be able to withstand, under
all conditions, the heaviest of vehicles.

4 Site conditions - consider drainage, security,
and adequacy of the bivouac area in that order of inportance.

a Drai nage - the site nust be on high, porous
gr ound.

b Security - the site should provide cover
and conceal ment with security agai nst ground attack and sabot age.

c Bi vouac - nust be at |east 100 feet
downstream fromthe water purification operations. It should also be

| ocat ed near the water point to ensure personnel availability for work
or emergenci es.

(2) Responsibilities
(a) Unit Commander - is responsible to make sure that

Mari nes have an adequate anount of water for all purposes.
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(b) S-4 (logistics) - coordi nates reconnai ssance
activities with the S-2 (intelligence).

(c) Uilities Chief - is tasked with |ocating the water
sour ces.

(d) Medical departnent - inspects the water quality and
makes reconmendati ons for inprovenents to the water point.

C. Perform ng a Total Dissolved Solids Test:

(1) The purpose of performng a total dissolved solids (TDS)
test is to determine if the water is fresh, brackish, or salt. The
TDS neter measures how nmuch el ectric current can flow through a sanple
of water and registers the reading on a scale in parts per mllion
(ppm). Water sources are identified according to the categories
listed bel ow

(a) Fresh - 0 ppm - 1500 ppm
(b) Brackish - 1501 ppm - 15,000 ppm
(c) Salt - 15,001 ppm - Above

NOTE: Parts per nillionis aratio by weight of parts of a substance
inone mllion parts of water.

(2) Open case and carefully renmove equi prent and supplies as
needed. Note |ocation for re-packing.

(3) Calibrate the TDS neter

(a) Wth neter off, adjust pointer to zero by turning
met er zero adjust screw.

(b) Renove bottom cover by carefully prying it off TDS
nmeter and install a battery or DC adapter if available. Be sure the
battery renoval clip is in place prior to installing battery. Check
battery condition

1 Adj ust range switch to "S" position

2 Press button and adjust the master calibration
control to the maximum Pointer nust indicate full scale or above.
If not, replace battery.

3 Press button and adjust master calibration
control until the neter reading matches the internal value on | abe
attached to bottom cover

(4) Calibrate the range extender as foll ows:
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(a) Fill the cell cup with standard solution to % inch
above upper el ectrode.

(b) Position range switch to 1000.

(c) Rinse the range extender in standard sol ution 442-
30,000. D scard the solution.

(d) Fill the cell cup with the standard sol ution 442-
30,00 and insert the range extender, seating the Oring seal.

NOTE: RANGE EXTENDER | S ADJUSTED TO CORRECT METER READI NG. DO NOT
ADJUST | NTERNAL CALI BRATI ON CONTROLS.

(e) Press button. Pointer should be at 3 plus or m nus
0.1 on the scale, if not, adjust range extender as foll ows:

1 Remove range extender fromcell cup.

2 If reading was too high, push or tap white insert
into the range extender body.

3 If reading was too low, twist and pull white
i nsert out of the range extender body.

4 Insert the range extender into the cell cup,
seating Oring seal.

5 Press the button. The pointer should be at 3
plus or minus 0.1 on scale, if not, repeat steps 1-5.

6 Di scard solution and flush the cell cup and range
extender with de-mneralized or distilled water. Discard wash water
and thoroughly dry cell cup.
(5) Operate the TDS neter

(a) Turn the range switch to “S” position.

(b) Press button and conpare neter reading with the
i nternal standard value on | abel attached to bottomcover. |f reading
is different, renove bottom cover and adjust the master calibration
control until it matches.

(c) Turn the range switch to 1000.

(d) Rinse the cell cup three tines with water to be
t est ed.

CAUTI ON: DO NOT DI P THE METER | NTO THE WATER BEI NG TESTED TO FI LL
CELL CuP. DAMAGE TO METER CAN RESULT.
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(e) Fill the cell cup with water to be tested to at | east
Yainch (6nm above the upper el ectrode.

(f) Press the button.

1 If the pointer is below 0.5 on the scal e, adjust
the range switch to 100. |If pointer is still below 0.5 on the scale,
adj ust range switch to 10.

2 If the pointer goes off the 0.5 scale, to the
right on the 1000 range, use the range extender which will increase
the range 10 ti nes.

a R nse the range extender three times with
the water tested, discarding between rinses.

b Push the range extender into the filled cell
cup, seating the Oring seal.

c Press the button and adjust the range switch
as indicated in step (6).

3 If the pointer goes off the scale to the right on
the 1000 range setting, the neter nust be adjusted for range doubling
as follows.

a Di scard water in cell cup.

b Rinse cell cup with de-mineralized water and
dry thoroughly.

c Renove bottom cover and adjust range switch

to "S" position.

d Press button and adjust master calibration
control until pointer reaches half the internal standard val ue on
| abel attached to bottom cover.

e Attach bottom cover and retest the water.

4 To determ ne Total Dissolved Solids in Parts Per
MIlion, nultiply pointer reading range setting of the range sw tch.

EXAMPLE: | F THE PO NTER READING I S 3 AND THE RANCGE SW TCH WAS SET AT
10, MULTIPLY 3 X 10 = 30 PARTS PER M LLION. | F THE RANGE SETTI NG WAS
SET AT 100, MULTIPLY 3 X 100 = 300 PPM | F THE RANGE SETTI NG WAS SET
AT 1000, MILTIPLY, 3 X 1000 = 3000 PPM

5 To determ ne Total Dissolved Solids in Parts Per
MIllion, If the meter was adjusted for doubling, nultiply the answer
by 2.
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6 Renove range extender if used, and enpty cel
cup.

7 Thoroughly rinse cell cup, collection bottle, and
any equi pnment used with de-mneralized water. Dry thoroughly with
paper towels after rinsing and repack neter.

8 If the nmeter was adjusted for range doubli ng,
readj ust for standard range.

d. Perform ng a pH Test Using The Col or Conparator:

(1) The purpose of performng a pHtest is to measure the
amount of acid or alkalinity in water. pH stands for “potential of
electricity for positive ions”. pH neasures the quantity of free
hydrogen ions which are the foundation for all acids that are present
in a known liquid. The color conparator uses chem cals that changes
col or when add to the water being tested.

(2) pHis based on a scale ranging fromO which is the
maxi mumacidity, to 14 which is the nmaximumal kalinity. 7.0 on the
scal e indicates neutral water. Acid and al kaline are balanced at this
point on the scale, but this does not nean that water is free from
ger ns.

(3) PerformpH test:

(a) Unlatch and open carrying case cover. Renove
conpar at or housi ng and eyepi ece. Fit eyepi ece onto housing.

(b) Renove pH color disc and insert into housing. Nunbers
nmust be visible through indicator w ndow.

(c) Rinse two conparator cells three tines with water
bei ng tested.

(d) Fill two conparator cells to the 15m mark with the
water to be tested and insert in housing..

(e) Fill the dropper with wi de range indicator solution
to the 0.50m nmark.

(f) Add the wide range indicator solution fromthe
dropper to the conmparator cell on the left. Use sufficient force to
m X.

(g) Hold the conparator housing up and | ook through the
eyepi ece. Face a good |ight source. Be sure your fingers do not cover
the light window in the back of the conparator housing. Rotate the
color disc until a color on the disc matches the col or conparat or
housing. |If color falls between readi ngs, estinmate.
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(h) Renove conparator cells from conparator housing and
di scard wat er sanples and solution. Thoroughly rinse all equipnent
with de-mneralized water or distilled water

e. Performng a Chlorine Residual Test:

(1) Chlorine is the disinfectant agent usually specified for
mlitary use. Presently, this is the only w dely accepted agent that
can destroy organisnms in water and | eaves an easily detectable
residual that serves as a tracer elenent.

(2) Sudden di sappearance of chlorine residual signals
potential contamination in the system No other avail able
disinfectant is as acceptable or adaptable for potable water treatnent
operations as chlorine.

(3) Performa chlorine residual

(a) Renmpbve Chlorine color disc and insert into housing.
Nunber s nmust be visible through indicator w ndow.

(b) Rinse two conparator cells three tines with water
bei ng tested.

(c) Fill two conparator cells to the 15m mark with the
water to be tested and insert in housing.

(d) Add two DPD no. 1 chlorine tablets to the conparator
cell on the left. Crush tablets with a plastic rod until dissolved.

NOTE: DPD NO. 1 CHLORI NE TABLETS ARE | RRI TATI NG TO THE EYES
RESPI RATORY TRACT, AND MAY CAUSE ALLERG C SKI N REACTI ON.  PROVI DE
VENTI LATI ON VWHEN HANDLI NG AND WEAR SAFETY GLASSES AND GLOVES.

(e) Hold the conparator housing up and | ook through the
eyepi ece. Face a good |ight source. Be sure your fingers do not cover
the light window in the back of the conparator housing. Rotate the
color disc until a color on the disc matches the col or conparat or
housing. |If color falls between readi ngs, estinmate.

(f) Renove conparator cells from conparator housing and
di scard water sanples and solution. Thoroughly rinse all equipnent
with de-mneralized water or distilled water.

(g) Renobve eyepiece and col or disc from housing and
careful ly pack all equiprment back into carrying case. Cose |latch and
cover.

f. \Water Reconnai ssance Report:

(1) Field reports are the nost inportant and reliabl e source
of information. The S 2 section nmay provide information which has
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been gathered fromlocal inhabitants or frominterrogation of
prisoners of war

(2) Map studies should be taken into consideration. Aerial
photos, if available, should be studied before conducting the actual
ground reconnai ssance. The infornation obtained from maps are:

(a) Type of source - Indicate if the source is a stream
river, pond, |ake, ocean, or natural well.

(b) Roads/ Road nets - Description of roads in and out of
the water point, such as dirt, gravel, or paved.

(c) Terrain - Gve general description such as flat,
level, hilly, or rolling ground.

(d) Security - Indicate the type of security required
for the water point.

(3) The water reconnai ssance report is used to keep track of
the data gathered on the water recon by the unit leader. It also
shows what the different types of water sources can provide and what
the requirenents are for devel opnment. The water reconnai ssance report
contains all the follow ng information:

(a) Heading - The heading is where all the information
such as; who, what, where, when, etc. is annotat ed.

1 Date - The date the water reconnai ssance was

per f or ned.

2 Time of reconnaissance - Mist be given for
accurate records to be kept.

3 Reported by - This block should contain the
name of the person perform ng the reconnai ssance.

4 Forwarded to - This is who the report is being
sent to.

5 Map Coordinates - The six-digit grid coordinates
of the location should be given

(b) Quality/Quantity:

1 Type of source - |Indicate if the source is a
stream river, pond, |ake, ocean, or natural well.

2 TDS - The neasure of total dissolved solids
present in the source.

3 Tenperature - The tenperature of the water in
OF,
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4 Turbidity - The anount of suspended solids in
the water. Turbidity is put into three categories:

a Light
b Medi um
c Heavy
5 pH Test - Note the neasure of acidity or

alkalinity in the water.

6 Chlorine test - Note the neasure of chlorine in

wat er .

7 Quantity - Indicate the yield of the source in
gallons per mnute or as an infinite source.

(c) Site Conditions:

1 Security - Indicate the type of security
required for the water point.

2 Dr ai nage/ Soi | type - List if natural run-off is
provided or if drainage nmust be dug. Also indicate if the soil type
is frozen, stable, rocky, or clay.

3 Terrain - G ve general description such as
flat, level, hilly, or rolling ground.

4 Bi vouac - ldentify the size of the area
avail able for bivouac. It should be |ocated 100 yards away and 100
feet downstream fromthe source

5 Di stance to consumer - In nost cases this should
not exceed a radius of ten mles.

6 Roads - Description of roads in and out of the
wat er point, such as dirt, gravel, or paved.

(d) A sketch of the area should be nade during the ground
reconnai ssance and keyed to a map. Detailed informati on gathered on
potential sites can be invaluable and is of great inportance. Ensure
the direction of north is placed on all sketches by using the north
i ndi cator synbol .

2. Devel opi ng a water source: The purpose for devel oping a water
source is to increase the quantity of water, inprove its quality, or
make it nore readily available for treatnent and distribution. Sone
of the equi pnent needed is |listed bel ow
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a. I ntake Hoses: Several considerations should be taken in the
devel opnent of intake points. Al intake hoses or pipes should have a
strainer or suction screen regardless of the clarity of the water.

The strainer nust be at |east 4 inches below the water |evel and
protected agai nst floating debris.

b. Punps: The practical limt of suction lift of raw water punps
issued with water purification equipnent is 25 feet at sea | evel.
Suction Iift decreases at higher altitudes. Because punps nust create
a partial vacuumin the suction line, the raw water intake hose nust
be airtight for the punp to work.

c. Devel opnent of inland surface water sources:

(1) There are a nunmber of devel opnent consi derations and
techni ques which apply to inland types of water sources. They are
di scussed bel ow:

(a) Surface water sources are the nost accessible type,
in that the source lends itself readily to the purification equi pnent
conmon to engineer units. The nethods of constructing intake points
for surface water sources are:

1 Rocks and st akes:

a If the water source is not too swift and the
water is sufficiently deep, prepare an expedi ent intake by placing the
strainer on a rock. This will prevent clogging of the strainer by the

silt normally found at the bottom of the stream bed.

b If the water source is a small stream or
shal | ow | ake, secure the intake hose to a post or stack.

c These two nethods will prevent the strainer
from becom ng clogged by the silt nornmally found at the bottom of the
wat er bed and provi di ng enough wat er overhead to prevent the suction of
air into the intake hose.

2 Pits:

a  Wien the water source is so shallow that the
intake strainer is not covered by at |east four inches of water, but
the source nust be used, a pit should be dug and the strainer laid on
a rock or board placed at the bottomof the pit.

b Line pits that are dug in streans with clay
or silt bottonms, with gravel to prevent dirt fromentering the
purification equiprment. Surround the strainer with gravel to prevent
col l apsing of the sides of the pit and also to shield the strainer
from danage by large floating debris.
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C A simlar nmethod, by enclosing the strainer
in a bucket may al so be used.

3 Dans:
a Dans are used to raise the |level of water in
smal | streanms to cover the intake strainer

b In swift flowi ng streanms, construct a w ng
or baffle to protect the intake strainer without collecting water. To
construct dans the followi ng material can be used: |ogs, perforated
wood, dirt, concrete, steel, sand bags, or any natural materi al

c These materials should be placed at the
narrow part of the stream having stabl e banks.

4 Fl oat s:

a Fl oats are used to keep the suction hose off
the bottom of the water source in |arge streans where the quantity of
water varies across its width or where water is not deep enough near
t he banks to cover the suction strainer.

b Cover the hose and strainer with a m ni num
of water four inches of water, by anchoring or stationing the float at
t he deepest part of the stream

c Secure the intake hose to the float, allow
enough sl ack for novenent of the float. An anchor support |ine should
be attached and have adequate slack to allow the suction strainer to
remai n under water at all tinmes if there is any changes in the water
| evel

d Fl oats may be constructed fromthe
follow ng: enpty drunms, |ogs and |unber, or seal ed cans.

5 Galleries: The quality of water may be inproved
froma nuddy or extrenely turbid water source by digging intake
galleries along the bank. To construct a gallery performthe
fol | owi ng:

a Dig a trench along the bank of the water
source. The trench nust be deep enough to allow water fromthe source
to seep into it and to intercept ground water flow ng toward the
stream

b Then fill the trench with gravel to keep the
sides from col | apsi ng.

c Then place the intake hose with strainer in
the gravel below the waterline.

NOTE: A GALLERY REQUIRES A LOT OF WORK, BUT IT MAY BE WORTH IT. IT
REDUCES THE AMOUNT OF CHEM CALS NEEDED FOR COAGULATI ON, EXTENDS THE
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LI FE OF FI LTER CARTRI DGES, AND EXTENDS THE FI LTER RUN BETWEEN
BACKWASHI NG

d. Devel opnent of ground water sources:

(1) When surface water supplies are inadequate or unusabl e,
devel op ground water supplies. Gound water is avail able bel ow t he
earth's surface in nost regions of the world. The depth depends
|argely on the type of rocks and soil, the anount of rainwater, and
t he topography of the land. The followi ng types are listed bel ow

(a) Aquifers - is a layer of rock below the water table
fromwhich you obtain water. It is sonetinmes referred to as a water-
bearing formation or water-bearing stratum Aquifers can be found in
al nost any area.

(b) Springs - is water which energes at the surface
naturally with a distinct current. Wen a distinct current is not
present, the flowis called a seep. Mbdst springs and seeps represent
water fromrain or snow on sone near by higher ground which noves
underground to where it conmes up out of the ground. Its underground
course depends on the type of soil it noves through. There are
different types of springs.

1 Artesian springs - are springs where water
bubbl es up with a nmeasurable force, indicating that it is under
pressure.

2 Thermal springs - are any springs having a
tenmperature higher than the yearly average tenperature for a given
region.

3 Gravity springs - are those in which subsurface
water flows by gravity froma high point of intake to a | ower point of
i ssue. The two nobst inportant types are:

a Water table springs and seeps - occurs where
the water table cones near or intersects the surface of the ground.
These springs can be nornally found around the margi n of depressions,
al ong the slope of valleys, and the foot of an alluvial fans.

b Contact springs and seeps - occur along an
exposed contact point, like along hillside. These springs appear
al ong sl opes but may be found at al nbst any el evati on, dependi ng on
the position of the rock formation
4  Devel opnent of springs:

a Enlarge the oulet of the spring by building a
dam and gui ding the water to storage.

b To reduce possible pollution, clear a spring
of all debris, undergrowh, top soil, |oose rocks, and sand.
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c Inprove springs by building collection boxes
or digging ditches and tunnels. Collection boxes or basins can be
made of wood, tile, or concrete. They collect water which flows from
rocks under the force of gravity. The box should be | arge enough to
hol d nost of the flow

d Place the box bel ow ground | evel so that only
the top is slightly above the surface. Tightly cover the box to
prevent contam nati on and decrease evaporation

e Design the inlet to keep out surface drainage
and prevent pollution. Fence the area and provi de proper drainage.

f A screen on the overflow pi pe keeps out
i nsects and small aninmals. A strainer on the intake pipe or hose wll
keep | arge suspended particles from being taken by the raw water punp.

g To get water froma seep or contact spring,
di g deep, narrow ditches leading fromthe spring to the collection
point. Large - dianeter pipe is nore suitable for this purpose.

(c) Artesian well - are wells that has been drilled into
an aquifer.

NOTE: | F SUCH A VWELL, HAD ENOUGH PRESSURE TO BRI NG THE WATER ABOVE
THE GROUND SURFACE, IT IS CALLED A FLON NG ARTESI AN WELL; | F THE WATER
RI SES ONLY TO AN | NTERMEDI ATE LEVEL, 1T IS A NONFLON NG ARTESI AN WELL.
WHENEVER A NATURAL OUTLET OCCURS I N AN ARTESI AN AQUI FER, AN ARTESI AN
SPRI NG I S FORVMED,

(d) Man Made Wells - wells are classified into five
types, according to their nethod of construction. The five types are:

1 Dug - a dug well is one in which the excavation
is made by the use of picks, shovels, spades, or digging equipnent,
such as sand buckets or clanshell buckets.

2 Bored - a bored well is one in which the
excavation is made by the use of hand or power augers.

3 Driven - a driven well is constructed by driving
a pointed screen, referred to as a drive point, into the ground.
Casings or lengths of pipe are attached to the drive point as it is
bei ng driven into the ground.

4 Jetted - a jetted well is one in which the
excavation is made by the use of a high velocity jet of water.
However, in sonme regions of the Arctic, steamis used for jetting
instead of water.

5 Drilled - a drilled well is one in which the
excavation is nade by either percussion or rotary drills. The
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excavated material is brought to the surface by neans of a boiler,

sand punp, suction bucket, hollow drill tool, or hydraulic pressure.

6 Hydraulics of wells: Before a well is punped, the
water level is the sane as the |level of the surroundi ng water table.
Measure the depth fromthe ground surface to the water level. The
following definitions apply to hydraulics of wells.

a Static level - the depth fromthe ground
surface to the water level. Thus if the water in a well is 25 feet

bel ow ground |l evel, the static water level is 25 feet.

b Punping level - when a well is punped, the
static water level drops. After several hours of punping at a
constant rate, it stabilizes in a lower position. This is called the
punpi ng | evel or dynamic water |level for this rate of punping.

e. Devel opnent of seawat er sources:

(1) Wien devel opnent of inland or ground water sources are
not avail abl e, the devel opment of seawater sources nay becone
necessary. Sone of the factors to be considered in devel oping
seawat er sources are:

(a) Surf action

(b) Saltwater corrosion

(c) Living organisnms

(d) Surface oil along beaches

(e) Suspended sand and silt

(f) The rise and fall of water level with the tide

(2) Saltwater Wells: Beach wells are preferred to offshore
intakes. Wells can be dug to tap brackish or salt ground water. This
el i m nates the probl enms caused by tides, surf, and shall ow water close
to the shore. A disadvantage is the possibility of hydrogen sulfides
in the raw water, causing fouling problens with RO nenbranes and taste
and odor problemin drinking water.

(3) Ofshore Intakes: O fshore intakes are sonetines required
due to lack of time, personnel, or equi pnment needed to devel op beach
wells. Also, coral formation sonetines prevents construction of
well's. You can use intakes of either the rigid pipe or float type.

If possible, locate it in deep water beyond the surf action in a
vertical position.

3. Reverse Osnosis Water Purification Unit (ROAPU):

a. Osnosis is the spontaneous flow of a liquid of |ow
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concentration through a sem -perneabl e nenbrane, a material that only
certain nolecules can readily pass, into a solution of higher
concentration that tends to equalize the levels on both sides of the
nmenbrane. The process of both sides equalizing is referred to as the
osnmotic effect. Reverse OCsnpbsis is water flowi ng at high pressure,
through a seni-perneable nmenbrane in the opposite direction from
Gsnmosis. The result is water with a high concentration to water with
a low concentration of nol ecul es other than water.

b. The Reverse OCsnosis Water Purification Unit (ROAPU) is a
skid nounted, nobile, or air transportable unit capable of purifying
fresh, brackish, and salt water at a rate of 600 gall ons per hour.

c. The unit is configured in a frame that neasures 5.6 H X
6.9° Wx 9.5 L, weighs approximately 7300 | bs

d. The unit requires a 22 kil owatt power source.

e. The unit is designed to operate for 20 continuous hours a
day.

f. The unit consists of the foll ow ng conponents:

(1) Raw Water Punp: Water is delivered to the unit by the
raw wat er punp. There are two raw water punps and they are both:

(a) Centrifuga

(b) Self-primng after the initial prine
(c) Rated at 30 gpmwith a 105 ft. head
(d) Powered by 2 HP electric notor

(2) Miultinedia Filter: Wen the raw water enters the ROAPU
it goes through its first cycle of filtration in the nultinedia
filter. Wter enters the filter through the top inlet pipe and passes
t hrough various layers of nmedia to the bottomof the filter. Once on
the bottom the partially purified water enters the perforated pipes
and exits the outlet pipe on the bottomof the filter. The nedia
consists of: 3" of garnet, 12" of filtered sand, 15" of coal and 2"
of plastic material weighing 805 | bs which sits on top of 425 | bs of
beddi ng. The beddi ng consi st of gravel: fine through nmedi um grades.

(3) Booster Punp: The booster punp transfers the water from
the multinedia filter to the cartridge filter. |In doing so, it
equal i zes the flow of water pressure through the multinedia filter
The punp is:

(a) Centrifuga
(b) Rated at 30 gpmwith a 50 ft. head

SH- 16



(c) Powered by a 1 HP electric notor

(4) Cartridge Filter: The cartridge filter consists of an
upper and | ower conpartnent. The upper conpartnment houses ei ght 40
inch long disposable fiber cartridges that provide a secondary stage
of filtration by renmoving any suspended natter in the water missed by
the multinedia filter. This filtered water is then collected in the
| ower conpartnment where it will be suctioned by the R O punp.

(5) RO Punp: Picks up the water fromthe | ower
compartnent of the cartridge filter and pressurizes it. The R QO punp
is a high pressure punp wth:

(a) Positive displacenment plungers (5 pistons); 3
pi stons on the Charlie Mdel.

(b) Rated at 51 gpmwi th a 980 psi head.

(c) Driven by five V-belts froma 20 HP electric notor
whi ch turns countercl ockw se.

NOTE: The R O. punp has adjustable | ow pressure and hi gh pressure
swi tches, | ocated behind the control panel that activates when the
R O punp has less than 10 psi inlet pressure or discharge pressure
exceeds 1250 psi. Wen activated, either switch will shut off the
R O punp.

(6) Pul se Danpener: The R O punp pushes the water through
t he pul se danpener which reduces pulsation in the water caused by the
pi stons of R O punp. There are (4) baffles inside the pul se danpener
desi gned to reduce shock. Fromthe pul se danpener, the water exits
the vent vessel line (a bypass to the R O vessels) until the vent
vessels valve is closed. Once closed, the water is then redirected to
the R O vessels.

(7) RO Vessels: There are four R O vessels, each housing
two R O elenents. These elenents are joined in the mddle by an
i nter-connector (plastic couplings). There are also end connectors
that join the end caps to the outside of the el ements.

(8) R O Eenments (Spiral Wund): Wen water enters the R QO
vessels, it is then onit's final stage of filtration. Each el enent
has a brine seal that opens up agai nst the water flow channeling the
wat er through the R O elenent. As the water enters the elenents, it
works its way down the spiral nenbranes where nol ecul e separation
occurs. Init's final stage the water enters the product water tube
located in the center and exits the unit as product water. The
remai ning feed fluid (brine) continues to flow through the other end
of the elenent then enters the next elenent until the process repeats
itself through all eight elenents. It then |eaves the R O vessels as
brine water. These elenents are designed to reject a mninmum of 98.5%
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of salt fromthe water and about 99% of all organic materials in the
water. The two types of elenents used are Filmec and Fluid Systens.

NOTE: Chlorine will destroy nenbranes in the R O elenents rendering
the R O el enments unserviceabl e.

(9) Distribution Punp: The product water is distributed from
the product water tank by using a distribution punp. It is rated at 30
GPM

(10) Backwash Punp: The Backwash Punp is rated at 120 GPM and
is used to backwash the nmultinmedia filter. A strainer assenbly is
attached to the discharge end of the punp to filter out any particles
in the backwash tank.

(11) Chenical Feed Punp: The R O wunit uses several chemcals
to aid in production of water. There are four chem cal feed punps
each rated at 3.17 gal s/hr and powered by a 1/3 HP electric notor.
They are:

(a) Chlorine Feed Punp: Feeds diluted chlorine to
product water to kill bacteria so that water in storage tanks remain
pot abl e.

(b) Polynmer Feed Punp: Feeds diluted pol ymner
(pol yel ectrol yte) solution to raw water to coagul ate suspended matter
into groups |arge enough to be renmoved by the multinedia filter.

(c) Sodium Hex Feed Punp: Feeds dil uted sodi um hex
sol ution (sodi um hexanet aphosphate) to prevent cal ciumscaling in the
pi pes of the ROAPU.

(d) dCitric Acid Feed Punp: Feeds diluted acid
(tricarboxylic acid) to the raw water, to | ower the pH and strengthen
the menbranes el enments for better rejection

(12) Circuit Breakers: Circuit breakers are located in the
junction box. They are used to shut off power to punp notors, utility
outlets, and backwash tinmer if there is an electrical nmalfunction in
the circuit.

(13) Junction Box: Junction box is |ocated on the right side
of the control panel. It is used for attaching punp cords and has two
utility outlets.

(14) Control Panel: The control panel consists of various
gauges, valves, lights, switches, and hose connecti ons.

(a) Control Box Assenbly: Located on the control panel
it consists of indicator |anps and switches to start, operate, and
stop all punps.
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1 RO Punp Low Pressure |ndicator Lanp: Lanp that
comes on when R O punp suction pressure drops below 10 psi. This
| anp al so indicates that the R O punp should have shut off.

2 RO Punp Hgh Pressure Indicator Lanp: Lanp that
comes on when R O punp discharge pressure is higher than 1250 psi.
This lanp al so indicates that the R O punp should have shut off.

(b) Energency Stop Switch: Wen pushed in, this switch
shuts of f power to all punp notors.

WARNI NG THE EMERGENCY STOP SW TCH SHOULD NOT BE USED TO SHUT OFF THE
ROWPU EXCEPT | N EMERGENCY CONDI TIONS. TO DO SO CAN CAUSE DAVAGE TO
THE EQUI PMENT. PUSH | N EMERGENCY STOP BUTTON ONLY | F ANY OF THE
FOLLOWN NG CONDI TI ONS EXI ST:

1 Operators could be injured or the equi pnent could
be damaged if operation of the ROAPU is allowed to conti nue.

2 Red high pressure |anp associated with R O punp
conmes on but the unit does not automatically stop

3 Yellow | ow pressure | anp associated with R O punp
cones on but the unit does not automatically stop

4 Some other serious trouble (malfunction) is
i ndi cated by noise, vibration, large water |eaks, etc.

5 When backwash punp | anp and backwash punp itself
cones on during normal filtering operation.

6 When high pressure relief valve activates during
nor mal operati on.

7 \Wen rupture disc ruptures during nornma
operati on.

(15) Safety Val ves: The ROAPU has two autonmatic safety
val ves. The high pressure relief valve and the rupture di sc assenbly.

(a) The high pressure relief valve is located after the
pul se danpener, if R O pressure goes above 1100 psi, this val ve opens
automatically and di scharges water through a pipe | ocated between the
boost er punp and chemi cal feed punps.

NOTE: |If this valve activates, i mediately open the regul ate product
flow val ve and push in the energency stop switch. \When the pressure
drops bel ow 1100 psi the valve will automatically close.

(b) The rupture disc assenbly is |ocated on the
di scharge end of the R O punp. The rupture disc is a thin sheet of
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metal that tears when the R O punp discharge pressure exceeds 1425
psi and high pressure switch failed to activate.

NOTE: If the rupture disc assenbly ever activates, open the regulate
product flow valve and push in the energency stop switch. Wen
pressure drops, replace the ruptured disc and notify mmintenance to
troubl eshoot the high pressure relief valve and the high pressure
switch.

(16) Col or Coded Pi pes: The ROANPU piping is identified by
col or according to their functions. The function and color are as
foll ows:

(a) Raw water - Black band

(b) Backwash waste - Red band

(c) Filtered water - Yell ow band
(d) Product water - Blue band

(e) Brine discharge - Purple band

(17) St orage Boxes:

(a) Chemical Chest: Stores a five day supply of
chem cal s needed to purify water. It also contains several SL-3
conponent s.

(b) Tool Chest: Houses all the toolkits necessary to
mai ntain the unit. It also stores the renmai ning SL-3 conponents.

(18) NBC Cani sters:

(a) Radiation: Used to absorb radioactive contani nation
fromthe product water. This canister is good for only 100 hrs. of
filtration at which tine it will be tagged and | abel ed for di sposal

(b) Chenical: Used to absorb chem cal agent
contam nation fromthe product water. This canister is good for 100
hrs. of filtration at which tinme it will be tagged and | abel ed for
di sposal

(19) Hoses: The unit is provided with both suction and
di schar ge hoses.

(20) Float: Used to keep strainer fromsucking fromthe
bottom of the water source.

(21) 3000 Gal Tanks: The ROAPU is provided with three 3000
gallon tanks. These tanks will be used for the follow ng:
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(a) Raw water tank.
(b) Backwash tank.
(c) Product water tank.

4. The Fresh Water Purification System (3000 LM):

a. The Fresh Water Purification Unit (3000 LMI) is a frane
nmount ed, skid based, diesel operated, diatomte type unit capabl e of
purifying a fresh water source (less than 1,500 TDS) at a rate of 3000
gal l ons per hour. The unit was designed to be transported by tactical
vehicle or air lifted by helicopter to renote sites. The unit weighs
680 | bs.

b. The 3000 LMI consists of the foll owi ng conmponents:

(1) Main Frane: Holds three nodules, (punp nodule, contro
modul e and filter nodule). Additionally the main frame al so consists
of the follow ng SL-3 conponents:

(a) 1- tool kit

(b) 3- 10'x 2" suction hoses

(c) 3- 25'x 2" suction hoses

(d) 1- 50'x 2" punp discharge hose

(e) 1- 50'x 2" waste hose

(f) 1- 50'x 1-1/2" fresh water hose

(g) 1- 50'x 1-1/2" fire hose with nozzle
(h) 1- 5- gal. polymer can assenbly

(i) 1- 2000 m D.E neasuring container
(j) 1- chlorine neasuring container

(k) 1- chlorine test kit

(1) 1- suction strainer

(m 1- buoy

(n) 1- collapsible primng bucket

(o) 1- lifting sling (for helicopter lift)

(2) Punp Module: |Is suitable for a wide variety of fresh and
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saltwater applications. It is very corrosion resistant, nmade of

bronze and stainless steel. The punp is a centrifugal, self-prinmnng,
lightweight, air cooled, single cylinder, 4 cycle overhead val ve
engine with direct fuel injection. It also:

(a) is rated at 160 gpm

(b) has 1 gal. capacity diesel fuel tank (0.4 GPH
CONSUMPTI ON)

NOTE:
0.4 GPH x 20 hrs = 8 gal s/ day

(c) has 1 quart capacity (15-W40) oil crankcase.

(3) Control Mdule: Houses the diatonaceous earth tank
hypochl ori nator tank, gauges, operating valves, ratio feeder adjusting
knobs, and various piping systens.

(a) Diatonmaceous Earth (D.E.) Slurry Tank: Stores the
Di at omaceous earth slurry mxture. The diatonaceous earth is what
actually filters the water. Wen the D. E. adheres itself to the
filter, it is then called pre coat or filter cake.

NOTE: D.E. is any class of mnute planktonic unicellular or colonial
algae with silidified skeletons that formdiatomte which is a |ight
friable siliceous nmaterial derived chiefly fromdiatomremins and
used especially as a filter.

(b) Chlorine Tank: Stores the chlorine slurry mxture.
Chlorine is a disinfectant that kills bacteria in the water which in
turn hel ps keep the water safe for consunption

(c) CGauges: Monitor the operation of the 3000 LMI and
i ndicates to the operator when the unit needs backwashi ng.

(d) Operating Valves: Routes the flow of water during
vari ous stages of operation.

(e) Chem cal Feeders: Used to adjust the amount of
chemcals introduced into the unit. The feeders neasure on a scal e of
0-10 with the optinmum setting of 5.

(4) Filter Module: Contains the filter segnments on which the
D.E. is layered. The grade of the D.E. and the consistency of the
filter cake is what determines the filtering efficiency of the unit.
The nodul e al so houses a conpartnent for D.E storage.

5. Support Requirenents:

a. ROWPU:
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Requi renent s Qy Pur pose

Cener at or 1 ea. Provi des el ectrical power

LVS/ 5- Ton 1 ea. Provi des transportation

Tranm forklift 1 ea. Provi des unl oadi ng and | oadi ng

Chl ori ne 42 | bs.

Sodi um Hex 21 Ibs. |Provided in SL-3 is enough

Ctric acid 45 [ bs. |chemicals to start operation

Pol yner 6 gal .

85-140 wt. Cear oil 1 pt. Provi ded for Chem cal Feed Punp
(Changed every 100 hrs)

30-40 wt. HD non-detergent 2 gal. |Provided for R O punp (Changed

oi | every 700 hrs)
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b. 3000 LM:

Requi rement s Qy Pur pose

5- Ton/ HVMW/ 1 ea. Provi des transportation

Tranm forklift 1 ea. Provi des unl oadi ng and | oadi ng

Chl ori ne 5 1bs. |Provided in SL-3 is enough

Di at omaceous earth 72 Ibs. |chemicals to start operation

Pol yner 2 gal.

30 w. GO 1 qt. Provi ded for Raw Water Punp
(Changed every 100 hrs)

Di esel Fuel Provi ded for Raw Water Punp

6. Safety Precautions:

a. Properly ground the generator and purification unit.

b. Provide fire extinguishers and establish fire points.

c. Ensure operators are wearing hearing protection.

d. Have NO SMXXI NG NO SE HAZARD, AND CHEM CALS si gns post ed.

e. Do not store or expose chemicals in direct sunlight or
out doors.

f. Provide aprons, gloves, goggles, dust mask, or respirators
when handl i ng chem cal s.

g. Ensure all product water tanks are covered.
h. Set up eye wash stations.

i. Check local EPA regulations in regards to disposing of waste
(brine) water.

7. Task Requirenent:

a. Task requirenments will be derived fromthe information covered
inthis lesson. You will be required to determ ne the m ni nrum anount
of personnel, by MOS and rank, that it will take to set up and operate
each ROAPU/ 3000 LMI used in your plan. The nunber of personnel will
vary for each group dependi ng on the amount of equi pnent used and the
task assi gnment.

b. The ROAPU requires 2 Marines to setup and operate.
c. The 3000 LMI requires 2 Marines to operate and 6 to setup.

8. Devel oping a Water Point:
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a. A water source developed for mlitary use is called a water
point. The purpose for the devel opment of a water point is to
increase the quality and quantity of water, as well as nmaking it nore
readily available for treatnent and distribution.

b. The follow ng objectives should be directed toward the
devel opnent of a water point:

(1) Increase the quantity of potable water avail able.
(2) Inprove the quality of water produced.

(3) Lessen distribution problens.

(4) Decrease nmi ntenance requirenents.

(5) Inprove security.

(6) Inprove living condition of water point personnel

c. Proper planning is essential to the orderly devel opment of a
wat er point and should be forenpst in the minds of reconnai ssance and
supervi sory personnel. When possible, planners should select the site
requiring the least inprovenent. They also should give priority to
renovi ng obstacles that limt operations.

d. There are a two devel opnent considerations which apply to the
devel opnent of a water point. They are di scussed bel ow

(1) Oder:

(a) The problens encountered at each site and tactica
situation determine the order for inprovenents at water points. As
pl anners, you should give priority to those conditions which are
necessary to establish the water point.

(b) For exanple, in jungle terrain where water is
readi |l y avail abl e and cover and conceal nent are good, but routes of
communi cations are poor and the eneny is present, consider
distribution facilities and security first.

(2) Extent: The extent to which a water point is devel oped
depends mainly on tine, |abor, personnel, and naterials available. At
forward depl oyed sites, devel op enough water to supply potabl e water
to using units. However, in the rear area, the extent of devel opnent
will vary with the size of the water point, the problens to overcone,
and the permanency of the installation.

9. Site |Inprovenent Considerations:

a. Drainage:
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(1) The inportance for providing good drai nage can't be
over enphasi zed. Wastewater fromtreatnment units, |eakage from storage
tanks, and spillage fromdistribution units may cause the area to
becone so wet and nuddy, that it will render the water point
i noper abl e.

(2) During the winter nonths water may freeze, causing a
serious safety hazard for personnel and equi pnent. Avoid such
condi ti ons by having good drai nage at each site. Always direct
drai nage downstream fromthe purification, storage, and distribution
oper ati ons.

b. Storage Facilities: Should be |arge enough to neet daily
wat er peak demand. This will elimnate long waits at the water point
by consuners and ensure sufficient quantities of water is available
for mssion requirenents.

c. Road NetworKks:

(1) A satisfactory water point nmust be accessible to vehicles
and personnel. |If vehicles cannot get to the point of distribution,
the water point no longer serves it's purpose.

(2) The load capacity of roads should be sufficient to
wi t hstand the heavi est vehicles under all weather conditions. Locate
the water point on inproved roads whenever possible but avoid nain
supply routes. A good road net should include the follow ng
provi si ons:

1 Turnouts and Turnarounds - a turnout may be the
wi dened section of the main road or a new one-way road past the water
point. The type used depends on | abor and the equi pnent avail abl e.

2 Traffic Signs - the route to the water point should be
wel | marked, visibly clear, with posted signs at all critical points
within two niles of the water point.

3 Checkpoints - set up checkpoints at the entrance and
exits of the water point. G ve personnel entering the area a safety
brief. Use the checkpoints not only to control traffic but also to
nonitor the issue of water.

d. Canoufl age:

(1) Canouflage m sl eads the eneny by nisrepresenting the true
identity of an installation, an activity, or an item of equipnent.
The water point may not be within the boundaries of a base cluster
which, as a result, inposes a special problemof security.

(2) The best neans of reducing the chances of attack is to

deny the eneny the information concerning the |ocation of the water
points. This can be done by the maxi num use of canoufl age netting.
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e. Bivouac: Conveniently |ocate water supply personnel wth
respect to the water point. Select a bivouac area for water supply
personnel and security forces. |In selecting a site, consider
security, sanitation, and confort of the troops. This wll
facilitate the arrangenent of shifts and nake personnel readily
avail abl e in case of energenci es.

f. Security:

(1) Troop norale, welfare, and health depend on a reliable
source of potable water. Therefore, commanders nust take neasures to
provi de security for water points. A lack of security could result in
conplete loss of a water point; or the eneny could contam nate storage
and distribution facilities, thus disabling or killing those who drink
the water.

(2) Communi cation channels to the water points should be kept
open. Keep personnel infornmed of the tactical situation. Provide
shelters to protect personnel fromthe effects of NBCif at all
possi bl e.

REFERENCES

FM 10-52, Field water supply.

TM 08580A- 10/ 1, Reverse Osnosis Purification Unit.
TM 08580A- 24/ 2, Reverse Osnosis Purification Unit.
TM 08580A- 24/ 3, Reverse Osnosis Purification Unit.
TM 08580B- 10/ 1, Reverse Osnosis Purification Unit.
TM 08580C- 10/ 1, Reverse Osnosis Purification Unit.
TM 08580C- 24/ 2, Reverse Osnosis Purification Unit.
TM 08580C- 24P/ 3, Reverse Osnosis Purification Unit.

TM 09777A- 14/ 1, 3000 LMI.
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1. Set up procedures of the ROAPU:

a. Site sel ection:

(1) Stage the ROAPU within 75 ft. from your water source on
firm level ground.

(2) If a streamor lake is used as the raw water source,
stage the ROWPU upstream fromthe canp.

(3) Adequate cover and conceal nent.
(4) Sufficient road nets.
(5) Good drainage.
(6) Test water.
(a) Take TDS readi ng.
(b) Take Chl orine Residual.

b. Install ation:

(1) Roll up canvas cover over the ROANPU frane and fasten with
tie-back straps.

(2) Renove the two franme cross braces. Release cargo straps.
(3) Renove float and five chenical pails.
(4) If carrying storage tanks with the ROAPU renove them

(5) Renove nine 1-1/2" suction hoses one 2" suction hose, six
1-1/2 di scharge hoses, and three 2" di scharge hoses.

(6) Renove the two storage boxes but do not enpty them

(7) Renove chemical container assenbly and locate it in front
of the chenical feed punp.

(8) Renove distribution punp.

(9) Install raw water system

(a) Renove both raw water punps.
(b) Connect electrical cables to the junction box.
(c) Install a strainer and float at the end of the raw

wat er suction hose connected to punp suction, and drop the discharge
hose into the raw water tank.
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(d) Connect suction hose and then connect the discharge
hose between the punp discharge outlet and raw water inlet connection
on the ROAPU.

(10) Install backwash water system

(a) Renove the backwash punp.
(b) Connect electrical cable frompunp to junction box.

(c) Install the backwash strainer onto the discharge
side of the backwash punp by bolting the strainer bracket to the frame

(d) Connect a 2" gate valve to the bottom of backwash
tank. Attach a 2" suction hose fromgate valve to the backwash punp.
Ensure gate valve is closed.

(e) Connect 2" discharge hose fromthe backwash punp
strainer to on the backwash water inlet connection on ROANPU.

(f) Connect 1-1/2" discharge hose frombrine outlet on
the ROAPU and drop it into the backwash tank

(11) Connect product water system

(a) Connect a 1-1/2" suction hose to the product water
outlet on the ROAPU. Connect a 1-1/2" discharge hose to the suction
hose. Product water hose will lay next to product water tank unti
the water has been tested.

(b) If using two storage tanks, connect a 1-1/2" suction
hose between each tank.

(c) Hook up distribution punp to storage tank.

(d) Connect electrical cable fromthe distribution punp
to the junction box.

(12) Connect waste water system

(a) Connect 2" discharge hose fromvent vessel outl et
on ROAPU to the drai nage area.

(b) Connect 2" discharge hose fromwaste water outl et
on ROAPU to the drai nage area.

(13) Recheck all hose connections to ensure they are tight.

(14) Install chemical feed system

(a) Hoses are stored attached to punp.

(b) Install quick-disconnect end of hoses to each 5

SH- 29



gal |l on cont ai ner.

(c) Ensure both suction and return hoses are seal ed
tight and to the proper container.

(d) Set chem cal feed punp valves to "Prine".
(15) Gound the ROAPU with the grounding rod.
(16) Hook up the power cable to the ROAPU

(a) If the notors to the punps run in reverse, change
two of the hot |eads fromone stud to another: L1 - L2 or L3.

(b) If wire is not marked with industrial tags, a
continuity check will be necessary to correctly connect the unit.

(17) Ensure power is off until the unit is conpletely set up
for operation.

C. Preposition val ves and swi tches:

(1) Turn off all breakers.

(2) Open vent val ves:
(a) Vent cartridge filter valve.
(b) Vent pul se danpener val ve.
(c) Vent multinedia filter val ve.

(3) Set backwash val ve to normal.

(4) Push in energency stop button.

(5) Set all control box switches to STOP or CFF.

(6) Open regul ate product flow val ve.

(7) Open vent vessels val ve.

(8) Set elenent cleaning switch to off.

(9) Set backwash tinmer knob to "Service" position.

(10) Mx the follow ng chem cal solutions in separate 3
gallon pails using best available water; brine or raw water. Ensure

that water being used contains no chlorine.

(a) Cal ci um Hypochlorite - .2 1lbs
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(b) Polyelectrolyte - 53 m

(c) Sodi um Hexamet aphosphat e - .1 1Ibs

(d) Gtric Acid - .75 | bs

(e) Stir solutions for at least 1 mn. using wooden
paddl es and pour into 5 gal containers marked with their respective

chem cal | abel.

NOTE: Do use chenical pails and wooden paddl es for jobs other than
t hose i nt ended.

(11) Turn chem cal valves to prime position.
(12) Open product water vent valve.

(13) dose product water drain cock. Found only on the
"Al pha" nodel .

(14) dCose seven drains in the rear of the unit.

(15) dose eight product water sanple valves. Found only on
the "Bravo" and "Charlie" nodels.

d. Perform before operati on checks and servi ces:

(1) Check oil levels:

(a) RO punp: Gl level should be at least half to 3/4
way up on sight glass. R O punp holds 2 gals of CE/ HDO 40 or OE/ HDO
30 non-detergent oil, which is changed by the follow ng intervals:

=

Changed before first operation
2 After the first six weeks of operation
3 Every 3 nonths or 1,000 hrs. of operation
(b) Chem cal feed punp: G| l|evel should be to the mddle
of the sight glass on the “Al pha” nodel. The “Bravo” and “Charlie”

nodel s have a dip stick. Chemical feed punp holds 1 pt. of 85w 140
gear oil (with rust inhibitor).

1 Gl is checked weekly.

2 G is changed every 4,000 hours of operation or
each year.

(2) Performuvisual inspection:
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(a) Ceneral: Inspect the general appearance and
possi bl e damage of the unit and all its accessories.

(b) Filters: Check for |oose connections and | eaking
gasket s.

(c) Gauges and Indicators: |Inspect for broken glass and
| oose nountings. Check for salt residue inside the gauges.

(d) Punps: Check for possible danmage, danaged fittings,
i nspect drive belts on RO punp.

2. Start up procedures:

a. Start generator and apply power |oad to ROAPU.

b. Turn on circuit breakers.

C. Pul | out energency stop button.

d. Jog RO punp to ensure notor is running in proper direction.

NOTE: R O punp |low pressure |anmp, on ROAPU control box assenbly,
conmes on as soon as generator supplies power to the ROAPU.

e. Pri me raw water punp:

(1) Make sure the drain valves are cl osed.
(2) Prinme the punp through the suction hose.

f. Start raw water punp:

(1) Ensure the notor is running clockw se.
(2) Set switch upward to START.

(3) Hold switch up until green | anp comes on, ensure that
punp starts.

(4) Release the switch.
(5) Switch will return to RUN

(6) Look at raw water input hose, if punp is drawi ng water,
the hose will pulsate and fill with water.

(7) The raw water flowrate will junp fromO to 40 gpm and
then gradually drop down to between 27 and 33 gpm fl ow.

g. Turn on chem cal feed punp.
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h. Pri me pol ymer chem cal feed punp:

(1) Set polymer chem cal feed control knob to 5.

NOTE: Adjust controls of chemical feed punps only while notor is
runni ng.

(2) Alowpunp to run on prine until no nore air bubbles are
seen in the return line.

NOTE: If punp fails to prime, set control knob to 8.5. Punp wll
pick up the prime in a few seconds. Return control knob to 5.

i. Calibrate the polyner:

(1) Set control knob to 1.5 (On "Al pha" nodels, set to 2.6)
(2) Qbtain your 100 nml graduated plastic cylinder.

(3) While the polynmer punp is running, disconnect the polyner
return line, use the 100 m cylinder and tine the flow for 1 m nute.

(4) Flow should be 60 mM. |If not, adjust the control knob
setting until you get a 60 m per minute flow

(5) Record the knob setting.
NOTE: A clarity test will be performed once all chem cals have been
pri med and cali brated.

j. Wth raw water punp working and the chem cal feed punp
runni ng, set the polyner punp valve from PRI ME to RUN

k. Go around to the control panel.

. dose vent multimedia filter valve as soon as a full stream of
wat er flows out of vent pipe (located at the bottomright-hand front
of the unit, below R O punp belt guard).

m Start booster punp.

n. Cose vent cartridge filter valve as soon as a full stream of
water flows out of vent pipe.

0. Reset R O punp:

(1) Set RO punp reset switch upward to RESET.
(2) Release switch.

(3) Yellow RO punp |ow pressure |anp goes off.
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(4) Switch returns to ON
p. Start RO punp.
NOTE: R O punmp will not start unless it is reset.

qg. Cbserve R QO punp:

(1) Mke sure the R O punp is running snoothly.
(2) Make sure the belts are not sl apping.

r. Cose vent pul se danpener val ve as soon as you see a full
stream of water com ng fromthe vent pipe.

S. At this time, due to the lack of pressure, the senm -filtered
water is backed up at the R O vessels and exiting the ROAPU t hrough
t he vent vessel |ine.

t. CObserve vent vessel hose for clarity. Wthin approxi mtely 10
m nutes the water should be clear.

u. Wiile waiting, prine and calibrate the chlorine and sodi um hex
chem cal punps just |ike the polyner chem cal punp.

v. Set citric acid punp knob to 8.5, which is the nax setting,
and leave it on prine.

w. After calibrating sodiumhex and chl orine punps, set sodium
hex valve to RUN and | eave chl orine on PRI ME.

X. Performa turbidity test of the water once the vent vessel
wat er has cl eared up:

(1) Obtain the 1000 m graduate cylinder with the white
bul | s-eye set in a black background on the bottom of the tube.

(2) Draw a sanple of 600 ml of water fromdrain NO 1
cartridge filter into the turbidity tube.

(3) Look down into the turbidity tube and you should be able
to see both the white bulls-eye and the bl ack disc at the bottom of
the tube clearly.

(4) If both cannot be seen clearly (water is chalky), run the
ROAPU anot her 10 ninutes. Repeat the sanpling test.

(5) If after second sanpling test, water is not clear,
readj ust polymer chemical feed control knob setting down in .5
neasur enments.

(6) Wait 5 mnutes then examnmi ne anot her sanple of water.
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(7) If water is still not clear, repeat this process and keep
reduci ng the chem cal setting by .5 each tine and waiting 5 mnutes
until the water is clear.

NOTE: Obtaining a clear sanple of water neans that you have the right
anount of polyner mxed with raw water for better filtration.

y. Slowy close vent vessels valve. This closes off the water's
path of |east resistance and allows filtered water to enter R QO
vessel s.

z. Slowy adjust regulate product flow valve cl ock-w se:

(1) Watch for rise on product water flow gauge.

(2) Watch for decrease on brine flow gauge.

(3) Watch for rising pressure on R O pressure PSlI gauge.

(4) Stop turning the valve when the 1st extrene has been net.

NOTE: Normally, product water flow should not exceed 16 gpm R O
pressure psi gauge should not be above 960 psi.

NOTE: C ose regul ate product flow valve very slowy. Sudden high
pressure to the R O vessels could damage the R O el enents.

aa. Set chlorine valve to RUN position.
bb. d ose vent product water val ve.

3. Performduring operation checks and services:

a. Li sten for unusual noises and | ook for any | eaks.
b. Moni tor all gauges.

C. Record gauge readi ngs each hour and log it in operators | og.
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GAUGE/ | NDI CATOR NORVAL READI NGS TROUBLE PO NT READI NG
Raw Wat er Fl ow 27-33 GPM Bel ow 25 GPM
Mul tinmedia Filter 0-10 PSID Over 10 PSID
Cartridge Filter 1-20 PSID Over 20 PSID
Bri ne Fl ow 16- 24 GPM Bel ow 15 GPM
R O Pressure PS|
Fresh Water 500 PSI Above 500 PSI D
Bracki sh Wat er 500 PSI Above 500 PSID
Salt Water 960 PSI Above 960 PSI D
Product Water Fl ow
Fresh Water Up to 16 GPM Above 16 GPM
Bracki sh \Wat er Up to 16 GPM Above 16 GPM
Salt Water 6-12 GPM Above 12 GPM
R O Vessels 50- 100 PSI D Over 100 PSID
Product Water TDS Bel ow 1500 TDS Above 1500 TDS
Product Water Chlorine| 1.0-2.0 ppm (5.0 for Bel ow 1. 0 ppm ( bel ow
st or age) 5.0 for storage)
Bri ne Water pH Bel ow 8.0 Above 8.0 Ph

d. otain chlorine residual reading of product water from product
wat er hose. |If too high or |ow, adjust setting on chlorine chenica
feed punp.

e. Take a TDS readi ng of product water.

f. Take a pH of brine water frombrine hose. |If pHis above 8.0,
acitric acid feed is necessary to | ower pH between 5.0 - 8.0.

NOTE: The R O nenbranes operate best in water containing a pH of

5.5. For exanple: water with a pHof 5.5 mght produce 500 ppm TDS
product water, whereas the sane water with a pH of 7.5 night produce a
product water with 1000-1500 ppm TDS. Due to the cost of citric acid,
it is reconmended to use citric acid only after each 20 hours of
operati on.

(1) PerformCitric Acid Feed:

(a) Set citric acid feed punp val ve on RUN.
(b) Wait until 5 gal container is enpty.

(c) Draw a sanple fromthe brine hose and check pH
readi ng.

(d) |If reading is above 8, feed a new batch of citric
acid with 1-1/2 pounds of citric acid with 3 gallons of brine water.
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(e) \When reading drops below 8.0,the follow ng nust be
done:

1 Set citric acid chem cal feed punp val ve back to
PRI ME.

2 Place product water hose in product water tank.

4, Dai ly water production log (DA Form 1713-R):

a. GCeneral: Logs are inportant because the information from
these forns are used to schedul e resupply of chemicals, PCOL, and
mai nt enance of the equipnment. The following is a guidance on
compl eting the DA Form 1713-R

b. Hourly cheni cal dosage | og:

(1) Shift Nunmber: - Enter the shift hours on this block.

(2) Water Point Nunber/ROANPU Nunber: Enter the assigned
wat er poi nt nunmber and ROAPU serial nunber.

(3) NCOin Charge: - Enter the name of the NCO supervising
t he water point.

(4) Date: Wite out the date at the start of each new day.

(5) Tinme: Enter the time the ROAPU was started and stopped.
Also log the tinme the ROAPU i s shut down for maintenance.

(6) Gitric Acid, Sodium Hex, Chlorine, and Polyner: Enter
the initial knob setting and anobunt of chemicals used for the initial
charge. Make a separate log entry every tinme you recharge.

(7) pH Enter the initial pH reading of the raw water and
the pH fromthe product water.

(8) Chlorine residual: Enter the residual reading taken from
the product water after at |east 30 minutes contact tine.

(9) Remarks: Enter the reason that the production was halted
(for exanple, backwashing, R O elenent cleaning, cartridge filter
repl acenment). Also note any significant event that may affect water
poi nt operations.

(10) Chenmicals Used: Enter the total anobunt of each chenical
used for the shift. Start a new formfor each shift.

(11) Chenmicals on Hand: Enter the total anobunt of chem cals
you have on hand for this ROAPU at the end of the shift.

c. (Gauge and indicator |og:
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(1) Time: Enter the tinme you started the ROAPU and the tine
it was shut down.

(2) Product Water Flow. Enter the reading fromthe product
wat er fl ow gauge on the ROAPU.

(3) Reverse Gsnpsis Pressure: Enter the reading fromthe
R O pressure PSlI gauge.

(4) Cartridge Filter: Enter the pressure differential
reading fromthe cartridge filter gauge.

(5) Miltinedia Filter: Enter the pressure differential
reading fromthe nmultinedia filter gauge.

(6) Raw Water Flow. Enter the reading fromthe raw water
fl ow gauge.

(7) Brine Flow Enter the reading fromthe brine flow gauge.

(8) Reverse Gsnpsis Vessels: Enter the pressure differential
reading fromthe R O vessels gauge.

(9) Total Dissolved Solids: Enter the TDS reading.

(10) Renarks: Enter the reason that the production was
halted (for exampl e, backwashing, R O elenent cleaning, cartridge
filter replacenent). Also note ant significant event that may affect
wat er poi nt operations.

(11) Total Hours Operated: Enter the total anount of hours
the unit was operated during the shift.

(12) PCOL Used: Enter the total amount of each POL used for
the shift. Start a new formfor each shift.

(13) PCOL on Hand: Enter the total anmount of POL you have on
hand for this ROAPU at the end of the shift.

5. Shutdown procedures:

a. Nornmal shutdown:

(1) Renove product water hose from product water tank and set
the hose in the drai nage area.

(2) Set all chemical punp valves to prine and wait 2 mnutes
for chlorine to exit the product water outlet.

(3) Open regul ate product flow valve slowy.

(4) Wait 5 mnutes before opening the vent vessels val ve.
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(5)

Open four vent val ves:

(a) Vent cartridge filter valve.
(b) Vent pul se danper val ve.

(c) Vent nultinmedia filter valve.

(d) Vent product water valve.

(6) Place Reverse Osnpsis punp switch down to STOP (yell ow
| ow pressure lamp will cone on).

(7) Place booster punp switch down to STOP.

(8) Place chem cal feed punp switch down to STOP.

(9) Place raw water punp switch down to STOP.

(10) Push in emergency stop button.

(11) Turn off circuit breakers.

(12) Turn off generator.
NOTE: If unit will not be operated within 12 hours, open the seven

drains and drain the unit.

b. Long

shut down:

NOTE: Long shutdowns will be conpleted at the end of operations.

(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)

Shut down ROWPU nornal | y.

Backwash the multinmedia filter

Perform R O el ement cleaning.

Renmove the strainer and hose from water source.
Drain ROAPU pipes, filters and connecti ons:

(a) Open seven drain val ves.

(b) Open four vent val ves.

Drain R O punp.

Drai n booster punp.

Drain chemical feed punps.
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(9) Drain raw water punps #1 and #2.

(10) Drain distribution punp.

(11) Shut off all electrical power.

(12) Disconnect all hoses and punps from ROAPU
(13) Roll up all hoses and power cabl es.

(14) Repack all conponents of ROWPU.

6. Performafter operati on checks and servi ces:

a. Ceneral: |Inspect general appearance of the unit. Inspect for
wat er | eaks, | oose or mssing bolts, screws, nuts, and hoses. |nspect
for signs of damage and | oose or broken cabl e connecti ons.

b. Frane and Equi prent: Renove oil, grease, nud, chem ca
spills, and other matter fromall parts of Reverse Osnpbsis Water
Purification Unit.

c. Miltinedia and Cartridge Filters: |Inspect for |eaks and | oose
connections and nounti ngs.

d. Gauges and Flow Indicators: |Inspect for broken glass and | ook
for |l oose nmountings and tube connecti ons.

e. Chemical Feed Punp: Inspect for |oose nmounting nuts. Inspect
for cracked or broken fittings. Check oil |evel and condition of oil

f. Reverse Gsnosis Punp: Check all five V-belts for cracks,

rubbi ng and signs of wear. Check belt tension. Check oil |evel and
condi ti on.
7. Installation of nuclear, biological, and chenical cartridges:

a. The ROWPU has overpack itens which are used as a post-
treat nent when nucl ear or chemical contaminants are present. The
equi pnment consists of a cartridge to renove nucl ear contami nants, a
cartridge used to renove chem cal contam nants, and the adapters,
bushi ngs, clanps, couplings, reducers, and tubing needed for assenbly.

WARNI NG RADI QACTI VE CONTAM NANTS ARE POTENTI ALLY HAZARDOUS. USE
EXTREME CARE | N REPLACI NG CARTRI DGES AND FOLLOW SAFETY PROCEDURES | N
THEI R HANDLI NG AND DI SPOSAL.

NOTE: Do not operate chlorination feed punp during NBC cartridges
operati on.
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b. For nuclear, biological or chem cal contam nation, use both
the cartridge marked "FOR USE W TH RADI OACTI VE CONTAM NATED WATER
ONLY" and the cartridge marked "FOR USE W TH CHEM CALLY CONTAM NATED
WATER ONLY. "

c. Exchange the inlet and outlet raw water punp adapter which is
used in the NBC system and prepare to assenble NBC filters between two
raw wat er tanks.

d. Use one of the raw water punps to force the water through the
NBC cartri dges.

e. Install raw water punp:

(1) Install 1-1/2 inch suction hose fromraw water tank and
swi vel adapter on raw water punp.

(2) Attach female end of distribution (suction or discharge)
hose to straight adapter on raw water punp.

(3) Attach swi vel adapter to gate valve and attach male end
of distribution hose to swi vel adapter.

(4) Attach shoul der bushing and adapter to gate val ve.

NOTE: The NBC cartridges should be positioned so that the cartridge
mar ked “FOR USE W TH CHEM CALLY CONTAM NATED WATER ONLY” is first in
the series. Position the cartridge marked “FOR USE W TH RADI QACTI VE
CONTAM NATED WATER' so that water is filtered through this cartridge

f. Assenble the NBC cartridge in series.

NOTE: Pay special attention to the input and output |abels on top of
the NBC cartridges when connecting the %inch reinforced flexible
tubing to the cartridges.

(1) Slide clanp over end of one section of 3/4 inch x 80
inch flexible tubing. Attach tubing to adapter on gate val ve and
cl ose cl anp.

(2) Slide clanp over other end of tubing.

(3) Renove plug from I NLET port on FOR USE W TH CHEM CALLY
CONTAM NATED WATER cartridge and insert adapter.

(4) Attach tubing to adapter on I NLET port and cl ose cl anp.

(5) Cut one section of 3/4 inch x 80 inch flexible tubing to
a maxi mum | engt h of 24 inches.

(6) Slide clanp over end of tubing.
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(7) Rerove plug from OQUTLET port on FOR USE W TH CHEM CALLY
CONTAM NATED WATER cartridge and insert adapter into cartridge.

(8 Attach tubing to adapter on QUTLET port and cl ose cl anp.

(9) Rerove plug fromINLET port on FOR USE W TH RADI QACTI VE
CONTAM NATED WATER cartridge and insert adapter in cartridge.

(10) Slide clanmp over end of tubing.
(11) Attach tubing to adapter on I NLET port and cl ose cl anp.

(12) Slide clamp over end of second section of 3/4 inch x 80
inch flexible tubing.

(13) Renove plug from QUTLET port on FOR USE W TH
RADI QACTI VE CONTAM NATED WATER cartridge and insert adapter.

(14) Attach tubing to adapter on OUTLET port and cl ose
cl anp.

g. Complete connection of NBC cartridge to second raw water
t ank.

(1) Slide clanp over remaining end of 3/4 inch x 80 inch
fl exi bl e tubing.

(2) Insert adapter into tubing and close clanp.

(3) Attach shoul der bushing, pipe coupling, and straight
adapter to 1-1/2 inch discharge hose and connect to second raw water
t ank.

NOTE: Do not operate chlorination feed punp during NBC operation

h. During NBC operation, it is necessary to chlorinate the
second tank by hand.

i. Wth the exception of the chlorination feed punp, operate the
ROAPU usi ng nornal operating procedures.

j. Change the cartridges after every 100 hours of operating tinmne.

8. Backwash of the multinmedia filter:

a. Reason for backwash: To renove any dirt and solid material
caught inside nultinedia filter layers. During the backwash cycle the
wat er fromthe backwash tank is punped by the backwash punp through
the nultinmedia filter layers in reverse (frombottomto top) and any
dirt and solid nmaterials are washed out fromthe filter nedia.
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b. Wen to backwash: The nultinedia filter should be
backwashed:

(1) Every 20 hours of operation.

(2) Miltinedia filter gauge rises 5 psid above the initial
r eadi ng.

(3) Wien RO wunit will not be operated for a long tine.
(4) Before novenent.

c. Perfornm ng backwash:

(1) Shut down the R QO wunit normally (short shutdown).

(2) Check water level in backwash tank. Ensure you have at
| east 1500 gallons of water in the backwash tank.

(3) Open the 2" gate valve attached to the backwash tank.

(4) Prinme backwash punp. (Open drain cock on the bottom of
the punp to get a water flow.)

(5) Turn backwash val ve handl e down to "backwash".
(6) Set START backwash switch up and rel ease i medi ately.

(7) Backwash punp and backwash cycle should start within 2
to 3 seconds. The cycle is started when the white [anp cones on, and
i s ended when the backwash punp stops and white | anp goes OFF. The
conpl et e backwash cycle | asts about 13 m nutes.

NOTE: During backwash cycle, nake sure the backwash tank does not go
dry before the backwash cycle is conpleted. The proper reading on the
backwash gauge is 0, 70, or 120, dependi ng on which cycle of backwash
the unit is in.

(8) When backwash is conpleted and the white | anp goes off,
turn backwash val ve handl e to nornal.

(9) dose the gate valve on the backwash tank val ve.

(10) start the RO wunit nornally.
CAUTI ON:  BACKWASH SHOULD NEVER BE PERFORMED |F THE R O UNIT
MULTI MEDI A FILTER 1S DRAI NED OR PARTI ALLY DRAINED. | F SO OPERATE THE
R O UNT NORVALLY FOR AT LEAST 30 M NUTES NONSTCOP TO PRI ME THE FI LTER
AND TO REMOVE ALL AIR FROM | NSI DE THE FI LTER

9. R O Elenent cleaning:
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a. It will be necessary to clean the RO elenments to inprove
total dissolved solids (TDS) rejection, and reduce operating pressure
(RO pressure PSI). Two nethods of cleaning elenents are avail abl e.
One nethod, which is used nore often, is to flush citric acid solution
t hrough the vessels. The second nmethod is to flush a Sodi um Bi sul fate
cl eaning solution through the R O vessels. These solutions renove
unwanted material fromthe nenbranes.

b. Conditions requiring el enent cl eaning:

(1) \Whenever the pressure in the RO vessels shown on the
R O pressure PSI indicator rises to either 960 for seawater or 500
for fresh water, and at the sane tine the product water flow gauge
drops below m nimumreading (6 GPM .

(2) \Whenever product water output drops several gallons per
m nute on product water flow indicator with no change in raw water
tenperature. The unit operates better in warmer weather than in
col der, ideal is 74°F.

(3) \Whenever brine flow increases noticeably and adj ust nent
regul ate product flow valve does not correct the product water flow
i ndi cation.

(4) When R O vessel pressure increases by 20% over the
initial reading.

c. R O Elenent deaning Procedure:

(1) Performa normal shutdown.

(2) Backwash nultinedia filter.

(3) After the conpletion of backwash, water level in
backwash tank should be 7 inches. Check for a 7 inch brine water
level, with tel escoping al um num m xi ng paddl e.

(4) Adjust the pH of backwash water between 3.5 - 4.0 by

adding 1 I bs. of citric acid and stir until all granules are
di ssolved. |If needed, add nore until pHis correct.

NOTE: The pH of water nust not be |lower than 3.5. |If |ower, add
brine water to raise the pH

(5) Renove the hose fromthe backwash inlet on the control
panel and connect it to the Vent Vessels line. The vent vessel hose
can be placed on the ground until nornmal operation is continued.

(6) Open the 2" gate valve on the bottom of the backwash
t ank.

(7) Push elenment cleaning switch up to START position.
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(8) Brine flowindicator should show a flow of 16 gpm or

(9) Every 5 minutes, check pH of the water discharging back
into the backwash tank. The water should read near but not bel ow a pH
of 3.5. If it isn't, add 1 pound of citric acid at 5 mnute intervals
until it is.

(9) Alowcitric acid solution to flow for 45 mnutes or
until the tenperature of the water reaches 120 degrees F. Tenperature
of water can be checked by using thernoneter in SL-3 storage box.

(10) To stop flushing, push the elenment cleaning switch down
to OFF.

(11) Reconnect hoses on unit for normal operation

(12) Drain the citric acid solution into a shallow, man-nmade
| agoon, a reasonabl e di stance away fromthe unit.

(13) Performstart-up procedures for normal operation

(14) A low ROANPU to operate for 10 nmin. to rinse the RO
vessel s.

(15) Perform operational adjustnents.

(16) Take a pH of the brine water. |If pHis below 8.0,
continue to operate unit and docunent all gauge readi ngs.

NOTE: If the regulate product flow valve adjustnment will not give a
proper product water flow indicator reading after 2 hours of
operation, shut down the ROAPU normally.

(17) Flush out the ROAPU with 800 ml of Triton X Detergent
to 1500 gal. of backwash water

10 R O elenent repl acenent:

a. Pre-renoval Procedures:

(1) Shut the ROAPU down norrmally.

(2) Open all vents, drains, and controls.

(3) Mark the end caps and vessel alignment narks, to insure
that end caps are installed in the sane position to reduce chances of
| eaks.

b. End Cap Renoval:

(1) Open quick disconnect and pull out tube.
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(2) Rerove nut, screw, clanp, and coupli ng.

(3) Loosen nut on el bow and sw ng el bow away fromthe end
cap.

(4) Renove end cap nuts and washers fromthe end cap.

CAUTI ON: DO NOT ATTEMPT TO PRY END CAP FROM VESSEL. TH S COULD
DAVAGE THE SEAL.

(5) Screw two end cap puller bolts (1/4 - 20 x 20 in.) into
t hreaded holes in the end cap.

(6) Alternately rotate each bolt one conplete turn until end
cap and Oring are separated fromthe R O pressure tube. Renove end
cap and O ring.

(7) Repeat this procedure to renove the rear end cap.

c. Renoval of R O Elenents:

(1) Assenble elenment puller:

(a) Connect together the puller rod and puller rod
handl e.

(b) Insert elements puller into R O vessel. Push
pul l er through end connector, through the product water tubes of the
two R O elenments, and through the interconnector between the two R O
el ement s.

(c) Place elenent puller plate on assenbl ed el ement
pul ler and secure with flat washer and nut.

(2) Slowy pull both RO elenments fromR O vessel, being
car ef ul to keep elenent puller centered in tube. Make sure you are
renmoving with the flow of water.

CAUTI ON: WHEN REMOVI NG R. O,  ELEMENTS FROM R. O. VESSEL, MAKE SURE YQU
REMOVE THEM FROM THE OPPCSI TE END OF | NSTALLATI ON (ALWAYS W TH THE
DI RECTI ON OF FLOW .

(3) Disconnect the elenent puller after both el enments are
renoved.

(4) Separate R O elenments by renoving R O el enent
i nt er connect or.

NOTE: It requires at |east two people when renoving the el ements.

One to pull on the elenent puller assenbly and one to hold the
el enents as they cone out.
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d. Installation of R O Elenents:

(1) Lubricate Orings with glycerin, lightly.
(2) Install Orings and end connectors.

WARNING R O ELEMENTS ARE PACKAGED I N SEALED PLASTI C BAGS WTH A
PROTECTI VE CHEM CAL CALLED FORMALDEHYDE WHI CH IS PO SONOUS; AvA D
FUVES AND KEEP AWAY FROM EYES AND MOUTH. HANDLE W TH EXTREME CARE.
AFTER HANDLI NG WASH HANDS THOROUGHLY W TH SOAP AND WATER

CAUTI ON:  AFTER REMOVI NG R O. ELEMENT FROM SEALED PLASTI C BAG, KEEP
ELEMENTS CLEAN. FAILURE TO DO SO WLL CAN AND W LL CAUSE EARLY
ELEVMENT FAI LURE.

(3) Renmove new R O elenent from seal ed plastic bag.

(4) Lubricate brine seal with glycerin.

(5) Install brine seal in groove of R O elenent, making
sure open tip of the seal faces the end of elenent closest to the
gr oove.

(6) Insert by hand the first RO elenment into R O vessel
until brine seal touches end of R O vessel. Mke sure you insert the
elements with the flow of water.

NOTE: In the “Al pha” nodel, flow of water differs fromthe other
nodel s.

CAUTI ON: WHEN | NSERTI NG R. O ELEMENTS INTO R O VESSEL, MAKE SURE
THAT THE END OF THE ELEMENT, W THOUT THE BRI NE SEAL, GOES IN FI RST, ON
THE FRONT SIDE OF THE R O. VESSEL (W TH DI RECTI ON OF FLOW .

(7) Place interconnector on product water tube of first RO
el enent .

(8) Remove second R O elenent fromseal ed plastic bag.
(9) Lubricate and install brine seal.

(10) Insert product water tube of the second R O el enent
into interconnector.

(11) Slide both RO elenents and interconnector into the
R O vessel until they are centered in the vessel.

(12) Place end connectors on both ends of product water
tubes of R O elenents.

(13) Lubricate and install end cap Orings and end caps.
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(14) Aign end caps with match mark on R O vessel.

(15) Press end caps into studs and install ten washers and
nuts onto studs. Maxinmumtorque for end caps is 65 in./lbs. This is
equi val ent to about 5.4ft/1 bs.

(16) Reconnect tubes and pipes to R O vessel.

NOTE: During operation observe for |eaks.

11. Changing the cartridge filters:

a. Renpbval of cartridge filters:

(1) Renove vent line from el bow

NOTE: The cover is installed under tension by |oosening eye nuts in a
fewturns at a tinme in an alternating pattern

(2) Loosen six eye nuts and rotate assenbly out of notches
in cover, renpve cover with attached part.

(3) Position cover handl e down.

(4) Renove eight top seat cups and spring.
(5) Renove the o-ring.

(6) Rerove | ocknut frombolt.

(7) Renove and discard eight filter tubes.

b. Inspection of the cartridge filter assenbly:

(1) Inspect eyebolts for cracks, damaged threads, bent
shafts, or deforned eyes. Replace as required.

(2) Inspect o-ring for cracks, dry rot. Replace as
required.

(3) Inspect el bow on the cover for cracks.
(4) Inspect bottom seat cups for deformity or |ooseness.

c. Installation of new cartridge filters:

(1) Replace eight filter tubes with male plastic end being
inserted first to forma tight seal

(2) Install eyebolt, washer, and eyenut.
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(3) Install bolt and | ocknut.
(4) Relube and install o-ring.
(5) Install eight seat cups and springs.

(6) Install cover with attached parts and tighten six eye
nuts.

(7) Install vent line.

NOTE: During the initial shipnment of the unit fromthe factory, the
cartridge filter tube el enments are shipped outside the filter unit.
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1. Setup procedures of the 3000 LMI:

a. Site sel ection:

(1) Place the unit on firmlevel ground.

(2) Upstream from water source.

(3) Adequate cover and conceal nent.

(4) Sufficient road nets (turnout and turnarounds).

(5) Good drai nage area.

b. Install ati on:

(1) Renove punp nodul e and hoses fromthe main frame and set
the punmp within 25 ft. of the water source, but not nore than 20 ft.
above the water source.

(2) Connect suction strainer and buoy to the end of suction
hose.

(3) Connect 2" suction hose to punp inlet.

(4) Connect 50'x 2" punp di scharge hose from punp outlet to
control nodule inlet.

(5) Connect 50'x 2" waste hose to the waste water discharge
port |l ocated on the back of the control nodule, and set the other end
of the hose at the drainage point

(6) Connect 50'x 1-1/2" fresh water hose to the fresh water
di scharge port located on the back of the control nodul e and set end
of hose near storage tanks. “Do Not” place fresh water di scharge hose
into storage tanks until required water tests have been perforned.

C. Preposition val ves and sw t ches:

(1) Mx Polymer solution at the rate of (185 m)or 6.3 fl oz.
per 5 gallons of water. Attach the 3/4" quick adapter to the 5 gallon
pol yner can assenbly.

NOTE: Pol ymer creates a chemcal reaction in which two or nore small
nmol ecul es conbine to formlarger nolecules nmaking filtration nore
efficient.

(2) Set all control valves to the "Start Up" position (WO F
F-CGO.
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(a) Cean Water Valve # 1 - Waste

(b) Waste Qutlet Valve # 2 - On

(c) Backwash Valve # 3 - Filter

(d) Pre-coat Filter Valve # 4 - Filter

(e) D.E. Slurry Valve # 5 - ( osed

(f) Chlorine Reservoir Valve # 6 - ( osed
(3) Set all chemical feeders to "0".
(4) O ose petcocks on top and bottom of the water notor.
(5) Cose drain valve on Chlorine reservoir.

NOTE: If drain valves remain open, chlorine and D.E. tanks wll over
fl ow during operati on.

NOTE: Wear dust nask when handling D.E. and dry chlori ne.

(6) Mx 1 Ib. or 160z. bag of dry chlorine with 3 gals. O
water and pour it into the chlorine tank avoiding the cal cium
deposits.

NOTE: An additional gal. of water will be added later in the
operati on.

(7) Cdose drain valve on D.E tank.

(8) Load 5 neasures each (2000M) of D.E. into the D.E. tank
for a total of 10,000 M.

(9) Ensure D.E. clanp is secure and open D.E. vent.

(10) Connect the 2 quick disconnect hose fittings on the side
of the control nodule to the Filter nodul e.

(11) Ensure drain plug is in filter.
(12) Open the filter top vent val ve.

d. Conduct Before Operation Checks and Services:

(1) Check for | oose, missing, and broken bolts or nuts.
(2) The punp nodul e:

(a) Open punp prinmer port to prinme the punp with water.
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The punp can al so be prined by renmoving suction strainer and pouring
water, with a bucket through the suction hose.

(b) Check fuel level in tank: Fill with diesel if
necessary.

(c) Check oil level: It must be between the min. and
max. marks on the dipstick. Ensure it has the correct grade and
viscosity for the operating tenperature.

(d) Check the air cleaner cyclone: It should be free of
sedi nent .

2. Startup procedures:

a. Put the automatic deconpression device in the starting
position by turning it clockw se until you hear an audible click then
add Yaturn. \When properly set the knob will be at the 12 o' cl ock
position.

b. Pull out extra fuel button if needed.

c. Set the speed regulating lever to full throttle position.

d. Insert the crank handle into the crank handl e gui de.

e. Crank the engine rapidly in a countercl ockw se manner
approxi mately eight tinmes before conpression is encountered and
engi ne starts.

f. Renove crank handl e from guide and properly clanp it to punp
frane.

g. Run engine at full speed for 1 minute or until suction has
occurred.

h. After suction has occurred, bring engine to half speed.

i. Cosethe filter vent valve once a steady stream of water
flows fromthe vent hose.

j- Move valve # 4 to pre coat position and note the tine.

k. Cose the DE slurry vent valve once a steady stream of water
flows fromthe vent.

. Open the injector valves on each feeder head to ensure ful
pul sed water flow. The chlorine, D. E., and polyner bleeders are gray
pl astic conponents | ocated behind the control nodul e panel

m  Open chlorine reservoir valve #6, until it fills up the tank
to approximately 2" fromthe top, then close.
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n. After approximately 8 mnutes the filter should be observed
t hrough sight-glass for a good D.E. cake on the elenents. Adjust all
three feeder heads to a setting of 5.

p. Set valve # 4 to "filter" position.

g. Set clean water valve # 1 to "clean water" position.

3.  Conduct during operation checks and servi ces:

a. Take chlorine sanples from product hose and nmake adjustnents
as necessary to the chlorine feeder control knob.

b. Take NTU (Nephelonetric Turbidity Unit) reading:

(1) Press on/off keypad to turn on neter.

(2) Fill beaker to a depth of at least 3 in. with product

wat er .
(3) Conpletely inmerse probe tip and cone assenbly.
(4) Press RANGE keypad until best range is sel ected.
(5) NTU reading will be given on digital display.
c If chlorine residual is 1.0 - 2.0, and NTUis 1.0 or less, the

cl ean wat er hose can be placed in the storage tanks.

d. At 30 minute intervals, nonitor the foll ow ng:

(1) Chlorine level (1.0 - 2.0)

(2) NTU (1.0 or less)

(3) D.E. tank for slurry mixture: Renove the D.E. tank |lid
when liquid | evel reaches the Iow | evel mark. Add one 2000 m neasure
of DDE. and fill with water. Do not run with the m xer bl ade exposed
to air as the slurry mixture will be inhibited.

(4) Polynmer feed tank |evel.

(5) Chlorine residual in treated water tank.

(6) Diesel fuel renaining.

(7) Yield of raw water source. For exanple: a pond, tank or
reservoir.

(8) Monitor the foll owi ng gauge readi ngs:

(a) Raw wat er punp suction gauge 15 vacuumto 15 psi.
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(b) Raw water flow gauge 15-35 gpm (on control nodule).
(c) Raw water inlet gauge 0-35 psi (on control nodule).
(d) Filter differential gauges.

1 filter inlet gauge 0-40 psi.

2 filter outlet gauge 0-18 psi.

e. Backwashi ng:

(1) The operator should backwash the systemin the event of
the foll ow ng:

(a) Filter differential pressure exceeds 18 psi.

(b) NTU reading is above 1.0 for two consecutive
r eadi ngs.

(c) Unit will be shut down for nore than 8 hours.
(2) Before backwashing the system nust be purged of D.E:
(a) Cean D.E slurry tank:

1 Per f or m shut down procedures on punp by hol di ng
throttle down to idle and engi ne cones to a conpl ete stop.

2 Open the drain valve on bottomof the slurry tank
(for approximately 5 nminutes to fully drain).

3 Set D.E. feeder to "10".

4 Open D.E. injector.

5 Position valves in start up position(WOFFCC)

6 Perform startup procedures on punp.

7 After suction occurs set punp at half throttle.
8 Qperate punp until water jet is clear fromD.E.

i njector.

9 Cl ose drain valve, D.E. injector and set all

f eeder heads to "0".
NOTE: |If D.E. tank overflows close D. E. drain.

NOTE: Backwash A and B will be done to perform a backwash.
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(b) Set the control valves to the "Backwash-A" settings:

1 Clean water valve # 1 - \Wste
2 Waste outlet valve # 2 - Of
3 D.E. Slurry valve # 5 - Open
4 Backwash valve # 3 - Backwash
(c) After one mnute set the control valves to the
"Backwash-B" settings. Valve #3 will alternate from*“Filter” to

“Backwash” every 15 seconds, while gently shaking the filter nodul e.
Conmpl ete this process 4 tines.

4. Shut down procedures:

a. The operator should performa short shutdown of the systemin
t hefol | owi ng events:

(1) The raw water level is |ow

(2) Product water tanks are full.

(3) There is an interruption in the normal operation cycle.
(4) Wien the unit will be shutdown for |ess than 8 hours.

b. The procedures for short shutdown are as foll ows:

(1) Set the control valves to the "shut down" positions:
(a) Ensure that Backwash valve # 3 is on "Backwash".
(2) Stop the engine as foll ows:
(a) Let the engine idle for a short period.

(b) Keep the speed regulating lever in stop position
until the engine has cone to a conplete stop.

NOTE: To restart the unit performstartup procedures. Check D.E. cake
on filter. |If D E cake is adequate, start filtering process.

c. The operator should performa |ong shutdown of the systemin
t hefol | ow ng events:

(1) To secure the systemfor nore than 8 hours.
(2) Prior to termnation of the field exercise.

(3) For extended storage or transportation.
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d. Procedures for |ong shutdown are as foll ows:

(1) Perform short shutdown.
(2) dean chem cal reservoirs.
(a) Open drain valves on the D.E. and chlorine tank.
(b) Set chem cal feed heads to “10".
(c) Position valves in start up position
(d) Open injectors.

(e) Performstartup procedures on punp. (After suction
bring to half throttle)

(f) Run the systemfor 3 to 5 minutes until clear jet of
wat er cones out of injectors.

(g Cose drain valves, chemcal injectors, and set all
feeder heads to “0".

(3) Perform backwash.
(4) Shut the system down.

e. Performopen filter housi ng washdown:

(1) Drain the filter by renmoving the drain plug |ocated at
the bottomof the filter housing.

(2) Renove the filter clanp.

(3) Renobve the upper filter half assenbly.

(4) Disconnect the 2 quick disconnect hose fittings that
connect the control nodule to the filter nodul e and plug the upper
filter hose.

(5) Set valves to the foll owi ng positions:

(a) Valve # 1 - \Waste
(b) Valve # 2 - On

(c) Valve # 3 - Backwash
(d) Valve # 4 - Filter
(e) Valve # 5 - ddose

(f) Valve # 6 - ddose
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(6) Restart the punp, using water fromthe best avail able
sour ce.

(7) Wth punp at full speed, nobve Waste Qutlet valve #2 to -
"OFf" position.

(8) Using the sanpling hose, wash down the conplete system

NOTE: Do not allow the systemto operate at naxi num power for nore
than two mnutes at a tine without water flowing fromeither the
sanpling hose or fromthe waste outlet valve #2, otherw se danage wl |
occur from high pressure.

(9) Let the engine idle for a short period then keep the
speed regulating lever in stop position until the engine has cone to a
conpl ete st op.

5. After operation checks and services:

a. Check oil level in crankcase at |east once per day. Change
every 100 hours of operation along with the oil filter

b. Check the air filter and cyclone, the air filter should be
repl aced every 1000 hours of operation or when ever dirty.

C. Repl ace fuel filter every 2000 hours of operation

6. Di sassenbly and st orage:

a. Drain all hoses and equi pnent.

b. dean unit and repack unit.
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